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ABSTRACT 
Objective: To examine association between Adverse Childhood Experiences (ACE) and 
teeth extracted due to dental caries or periodontitis among young and middle-aged US 
adults. 
Methods: Study sample included 15,474 and 17,430 respondents aged 18-64 completing 
2010 and 2012 Behavioral Risk Factor Surveillance System (BRFSS) survey 
respectively. Outcome was any self-reported tooth extraction due to caries or 
periodontitis. Primary predictor were self-reported 11 ACE answers (categorized into 
none, 1, 2, and 3+) before 18 years of age. Covariates included smoking, heavy alcohol 
consumption, diabetes, health coverage and access to dental care. Odds ratios were 
computed from unadjusted and adjusted logistic regression models. 
Results: Overall ACE prevalence was 66.5% and 64.9% in BRFSS 2010 and 2012 study 
sample respectively. In unadjusted models we observed a graded association wherein 
adults reporting experienced 2 and 3+ ACE were more likely to experience tooth 
 
 vii 
extractions compared to those reporting no ACE exposure. (BRFSS 2010 OR = 
1.47,1.48; BRFSS 2012 OR = 1.33, 1.54 respectively; p<0.05). We found similar results 
in multivariate models after adjusting for covariates (BRFSS 2010 OR = 1.56,1.34; 
BRFSS 2012 OR = 1.36, 1.42 respectively; p<0.05). 
Conclusions: This study suggests potential long lasting impact of early adverse life 
events on oral health in young and middle adulthood. Young and middle-aged adults 
experiencing multiple ACE had significantly more extractions compared to adults who 
reported not experiencing any ACE. Multidisciplinary efforts between dentists, 
physicians and social therapists are needed to raise awareness about ACE as means of 
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Tooth loss is a serious public health problem, which reflects the poor dental health status 
of an individual, and can have implications for overall health. In the dental literature, the 
most common etiology of permanent tooth loss of adults cited are health behaviors such 
as poor oral hygiene, smoking and dietary habits (Friedman & Lamster, 2016). Less 
understood are issues and factors upstream in an individual’s early life which may later in 
life lead to the abovementioned maladaptive behaviors i.e. poor oral hygiene, smoking 
and poor dietary habits. The life course approach provides the framework for looking 
back across an individual’s life experiences for clues to current patterns of health and 
disease. This approach emphasizes the effects of socio-economic adversities to which 
people are exposed to during early development stages, and the mechanisms of health 
inequality development over their life-time. (Cable, 2014; Nicolau & Marcenes, 2012). 
The life course epidemiology approach places an additional emphasis on temporal and 
social elements to understand the genesis of a disease.  Socioeconomic adversities 
experienced during early life include Adverse Childhood Experiences (ACE) which are 
toxic stressors such as child abuse/neglect, exposure to drug/alcohol abuse, parental 
divorce, domestic violence, caregiver incarceration and sexual abuse. Life course 
epidemiology research highlights an association between ACE and many later adult 
conditions such as obesity, alcoholism, smoking, depression, drug use risk and premature 
death (Anda et al., 2002; Dube et al., 2003; Kelly-Irving et al., 2013; Lynch et al., 2016; 
T. W. Strine et al., 2012). These studies clearly demonstrate that adults surviving 





may contribute to early disease progression and possible early death of affected 
individuals. Many of these morbidities, such as smoking, alcoholism and drug use, are 
also detrimental to good oral health. 
In this paper, we use data from BRFSS 2010 and 2012 surveys to provide an 
overview of the prevalence and interrelation of exposures to childhood abuse and 
household dysfunction. We then describe the relationship between ACE category 
exposures and teeth removed due to caries or periodontitis in young and middle aged 
adults in the U.S.A.  
 
Background 
Adverse Childhood Experiences are a set of traumatic and stressful psychosocial 
conditions which are out of the child’s control and have lasting effects. According to 
Kelly-Irving et al (2013) Adverse Childhood Experiences are defined as “intra-familial 
events or conditions causing chronic stress responses in a child’s immediate environment. 
These include notions of maltreatment and deviation from societal norms, to be 
distinguished from conditions in the socioeconomic and material environment”.  
The body of research continues to demonstrate that life span consequences for 
ACE survivors are premature aging and early death. From 1995 to 1997, Kaiser 
Permanente, in collaboration with the Centers for Disease Control, conducted the 
Adverse Childhood Experiences (ACE) study of over 17,000 adult participants enrolled 
with Kaiser Permanente. Participants were surveyed about their experiences with 





mental illness, domestic violence, and incarceration), as well as their current health status 
and behaviors. The results of this study were profound, revealing a common occurrence 
of Adverse Childhood Experiences (ACEs) among the study participants. Almost two-
thirds of respondents reported at least one ACE, with more than one in five reporting 
three or more ACEs. Furthermore, the results highlighted that ACEs are associated with 
an increased risk for a number of medical and behavioral problems including alcoholism, 
drug addiction, poor health related quality of life, early initiation of smoking, poor 
academic achievement, liver disease, suicide attempts, unintended pregnancies, 
adolescent pregnancies, ischemic heart disease (IHD) and depression (“About the CDC-
Kaiser ACE Study,” n.d.). The study also found that the number of ACE’s positively 
correlated in a dose–response fashion with many of the abovementioned medical 
outcomes.  
Many US states collect information about Adverse Childhood Experiences 
(ACEs) through the Behavioral Risk Factor Surveillance System (BRFSS). BRFSS is an 
annual, state-based, random-digit-dial telephone survey that collects data from non-
institutionalized U.S. adults about their health conditions and risk factors (“About 
Behavioral Risk Factor Surveillance System ACE Data,” 2017). The BRFSS-Adverse 
Childhood Experiences (BRFSS-ACE) module is an optional module for states to 
administer and was adapted from the original CDC-Kaiser ACE Study. Since 2009, 32 









Early childhood experiences are vital to a child's development since they frame his/her 
understanding of the world and his/her expectations about future relationships. A child's 
primary caregiver plays a vital role in helping the child understand and navigate the 
environment he/she is living in. Caregivers also help the child negotiate different 
experiences, and when a child faces stressful situations, caregivers provide them 
reassurance. Through such secure and comfortable relationships a child is able to learn 
self-soothing techniques and develops an ability to communicate his/her needs (Jackson 
& Deye, 2015). Sensitive and reliable caregiving provides a “secure foundation” from 
which a child is able to venture out to explore his/her environment while relying on this 
secure foundation for reassurance and help when needed.  
Unfortunately, adverse childhood experiences are a common occurrence in the 
U.S., affecting every 1 in 8 children every year (Wildeman et al., 2014). If a child 
experiences violent, erratic or disinterested caregiving then he/she is likely to find their 
caregiving environment unpredictable. Under such circumstances, he/she may feel 
threatened and may feel that they lack the necessary skills to negotiate stressful 
encounters. These stressful encounters over a considerable period of time may become 
“Toxic” for a child’s health. A child is very vulnerable to toxic stress since it occurs 
during the child’s critical and sensitive developmental periods and may interact with 
developing neurons, leading to long-lasting structural and functional reorganization of 





adulthood (Chen & Baram, 2016). This prolonged “toxic stress” strongly activates the 
body's stress response systems. Toxic stress due to ACE may also cause over-activation 
and dysregulation of the hypothalamic– pituitary–adrenal (HPA) axis and the autonomic 
nervous system, leading to adverse medical outcomes in individuals. Dysregulation of the 
hypothalamic– pituitary–adrenal (HPA) axis may lead to impairment of negative 
inhibition of the stress response system causing cortisol dysregulation and elevates 
cortisol levels. Excess cortisol levels further inflicts profound structural and molecular 
changes in the brain architecture. On a molecular level, increased cortisol levels reduce 
the receptor density of multiple neurotransmitters leading to diminished inhibition of the 
amygdala, which slows feedback inhibition of the locus ceruleus (Caldji et al., 1998). 
These brain structures are involved in the perception and response to fear-evoking 
stimuli. Structural and molecular changes to the brain due to ACE amplify the “fight or 
flight” response, thereby heightening anxiety and vigilance in individuals exposed to 
ACE. Metabolic dysfunctions due to dysregulation of the HPA axis are linked to type 2 
diabetes, obesity, hypertension, insulin resistance, and cardiovascular disease 
(Hotamisligil, 2006).  
One of the primary consequences of early life toxic stress is brain HPA axis 
dysregulation and its broad effects on immune and inflammatory processes (Gonzalez, 
2013). Although the brain and immune systems are separate, cytokines act as chemical 
messengers to link the systems, and play a key role in regulating immunity. Cytokines are 
protein molecules secreted by White Blood Cells (WBC) to regulate the immune 





glucocorticoid receptors. In response, the WBC releases cytokines which mediate the 
stress response. Under chronic stress the receptors become desensitized, resulting in 
unrestricted expression of cytokines (Rhen & Cidlowski, 2005; Webster, Tonelli, & 
Sternberg, 2002). Too much cortisol secretion due to  HPA axis dysregulation suppresses 
immunity and increases the chance of infection (Webster et al., 2002).  
Empirical evidence from human studies exists showing that inadequate caregiving 
at an early age has long lasting and permanent effects on the body’s immune and 
inflammatory responses (Danese, Pariante, Caspi, Taylor, & Poulton, 2007). These 
human studies illustrate that caregiving disruptions at an early age alter neuro-immune 
processes by sensitizing pro-inflammatory pathways (Miller et al., 2011). Children 
exposed to toxic stress risk factors, such as ACE, are more likely to develop or report 
asthma, which has a well-known inflammatory or stress component (Franco Suglia, 
Duarte, Sandel, & Wright, 2010). Adults exposed to ACE during childhood are also more 
likely to have elevated inflammatory markers (C-reactive protein) and greater 
inflammatory response to stress (Danese et al., 2007).  
Accumulating evidence suggests that cytokines also play a role in the 
pathophysiology of depressive disorders, behavioral dysregulation, and posttraumatic 
stress symptoms in adults and children. (Barnes, Mondelli, & Pariante, 2017). Chronic 
inflammation is characterized by abnormal cytokine production and is also closely 








Oral Health Consequences of ACE 
Periodontitis 
Chronic stress due to ACE may cause dysregulation of the HPA axis via cortisol 
secretion, thus regulating the body’s immune and inflammatory responses. This cortisol 
dysregulation impairs glucocorticoid’s ability to regulate inflammatory responses. (Rhen 
& Cidlowski, 2005; Webster et al., 2002). This chronic inflammation may have adverse 
oral health effects since compromised immune function is associated with periodontal 
disease in adults. This evidence suggests potential oral health implications from 
childhood ACE exposure. (Mesa et al., 2014; Nicolau & Marcenes, 2012). A study by 
Mesa et al (2014) found evidence of an association between urinary concentrations of 
chronic stress hormones, such as catecholamine metabolites (metanephrine and total 
metanephrines), and chronic periodontitis. They also found that elevated salivary cortisol 
levels in the patients with periodontitis were correlated with worse plaque index, higher 
tooth loss and greater gingival inflammation. 
Furthermore, there is evidence of an association between periodontal 
inflammation and systemic oxidative stress. In the pathogenesis of periodontitis, a type of 
WBC called the Poly-Morpho-Nuclear leukocyte (PMN), is a primary mediator of the 
host response against proliferating periodontal pathogenic microorganisms. Conditions, 
such as smoking, and excessive stress, cause over-activation of PMN’s, which in turn 





destruction of periodontal tissues. A meta-analysis by Liu et al (2014) found clear 
evidence that chronic periodontitis is significantly related to markers of oxidative stress 
when compared to those subjects without periodontitis.  
Another mechanism by which stress may be associated with periodontal 
destruction is through alterations in oral hygiene behaviors. Previous studies demonstrate 
that adults with a history of childhood maltreatment, such as emotional or physical 
maltreatment, have an impaired hypothalamic–pituitary–adrenal (HPA) axis This 
physiological pathway has been implicated in mood disorders, stress responses, and 
immune system and inflammatory responses (Chen & Baram, 2016; Rhen & Cidlowski, 
2005; Webster et al., 2002) . Such changes in brain structures and neuro-mechanisms 
may pre-dispose individuals to engage in substance use in an effort to cope with stress. 
Studies have found that stress may increase at-risk oral health behaviors such as 
increased smoking, alcoholism and non-compliance with dental care by neglecting oral 
hygiene. (Anda et al., 2002; Mesa et al., 2014). Moreover, the Adverse Childhood 
Experiences (ACEs) study by Kaiser Permanente/Centers for Disease Control highlighted 
the graded dose-response relationships between ACE stressors and early initiation of 
smoking and alcoholism/alcohol abuse.(“About the CDC-Kaiser ACE Study,” n.d.; Felitti 
et al., 1998). A potential explanation for the association between childhood maltreatment 
with smoking initiation and alcoholism is provided by the stress coping model of 
addiction: cognitive-behavioral theory (Felitti et al., 1998; Wills & Hirky, 1996). 
According to this model, substance abuse is a coping mechanism to provide relief in 





effort to reduce the negative outcomes and enhance positive outcomes by indulging in 
substance abuse, such as smoking and alcohol consumption. This model is cyclical in 
nature and reinforces substance abuse as a coping mechanism. (Taha, Galea, Hien, & 
Goodwin, 2014)  
In a longitudinal study, Taha et al. (2014), found that emotional, physical, and 
severe physical maltreatment during childhood were associated with increased odds of 
daily smoking, persistent smoking, and ever being a smoker. Similarly, clinical data from 
numerous studies have unanimously demonstrated that compared to non-smokers, 
smokers present a greater severity, increased susceptibility and faster progression of 
periodontal disease, resulting in more lost teeth and less favorable responses to 
periodontal therapy than non-smokers. (Dietrich, Maserejian, Joshipura, Krall, & Garcia, 
2007; Iida, Kumar, Kopycka-Kedzierawski, & Billings, 2009; Nociti, Casati, & Duarte, 
2015; Phipps et al., 2009). Phipps et al (2009) found that smoking was positively 
associated with severity of periodontitis, decreased tooth retention, clinical attachment 
loss and probing depths. In another study, Iida et al (2009) analyzed cotinine levels, a 
nicotine metabolite and a biomarker for tobacco smoke exposure, in smokers and non-
smokers. They found that subjects with detectable cotinine levels were more likely to 
have gum inflammation compared to those subjects with undetectable cotinine, and 
current smokers were more likely to have periodontitis than never/former smokers. This 
evidence demonstrates that smoking is a significant risk indicator for negative oral health 





intensity, with current smokers having twice the risk of tooth loss compared with never 
smokers (Dietrich et al., 2007). 
Many studies have highlighted an association between ACE and 
alcoholism/alcohol abuse by the victims. (“About the CDC-Kaiser ACE Study,” n.d.; 
Anda et al., 2002; Dube et al., 2006; T. Strine, 2012). Anda et al. (2002) found that the 
number of adverse experiences had a graded positive relationship with depression and 
alcoholism in adulthood, and this association was independent of parental alcohol abuse. 
They also found that prevalence of alcoholism was higher among respondents reporting 
parental alcohol abuse, no matter how many adverse experiences they reported. Other 
studies (Dube et al., 2006; Felitti et al., 1998) reached similar conclusions about adverse 
childhood experiences having graded or “dose-response” associations with alcohol use 
behaviors. Adverse childhood experiences are strongly related to ever drinking alcohol 
and alcohol initiation in early and mid-adolescence (Dube et al., 2006). 
An association between alcohol consumption and increased risk of dental 
problems such as periodontitis, has been reported. (Amaral, Luiz, & Leão, 2008; Lages et 
al., 2015). Alcohol abusers have worse periodontal status and higher levels of periodontal 
pathogens in the oral cavity compared to non-users of alcohol (Lages et al., 2015) . In 
another study, Amaral et al. (2008) found a positive relationship between alcohol 
dependence and clinical attachment loss or periodontal pocket depth.  These studies 
provide further evidence that the negative influences of ACE in combination with 







Dental caries may also be impacted by ACE experience, since chronic stress decreases 
salivary flow rate via the sympathetic nerve function, resulting in elevated dental caries 
risk (Fejerskov, Nyvad, & Kidd, 2015; Matos-Gomes et al., 2010). Toxic stress is 
associated with higher levels of stress- associated salivary cortisol and higher numbers of 
cariogenic bacteria (Boyce, 2014). The convergence of adversity induced stress (ACE) 
and stress-related biological processes (decreased salivary flow rate) may lead to 
increased production of cariogenic bacteria. This results in increased physical 
vulnerability of dentition to dental caries in such individuals. 
 
Eating Habits 
ACE exposure may damage the HPA axis in the frontal brain cortex affecting the 
inhibitory control system regulation. A consequence of HPA axis dysregulation is 
impaired cortisol secretion -  leading to addictive and unhealthy behaviors in children 
(Mason, Flint, Field, Austin, & Rich-Edwards, 2013; Taha et al., 2014). High cortisol 
levels have been linked to unhealthy dietary patterns and may lead to increased 
consumption of comfort foods such as fatty foods, snacks and sweet foods. Moreover, in 
an attempt to cope with stress, children often indulge in unhealthy energy-dense foods 
which are high in sugar and fat, further increasing their risk for dental caries and obesity 
(Costacurta et al., 2014; Michels et al., 2013). Once established during childhood these 









Physically abused children may injure their teeth during violence episodes, causing 
fractured and avulsed teeth (Naidoo, 2000). Physical injuries resulting from physical 
abuse may also cause facial disfigurement and leave permanent facial scars. If primary or 
permanent teeth are injured early in life, this may produce emotional, functional, 
psychological, or social impacts on an individual’s life. (Okoje, Alonge, Dosumu, & 
Onyeaso, 2012).  
Based on the research discussed in the introduction, a proposed pathway for ACE 
leading to tooth loss outcome is presented in figure 1. Few studies have examined 
whether adverse childhood experiences have harmful effects on adult dental health. Our 
hypothesis tests the life-course approach, postulating that early adverse childhood 
experiences, which occur during sensitive periods of rapid neurological and cognitive 
development in childhood, may be determinants of dental health in young and middle 
aged adults. Specifically, we aim to investigate the association between adverse 
childhood experiences and teeth removed due to caries or periodontitis among young and 





FIGURE 1. PROPOSED PATHWAY FOR ADVERSE CHILDHOOD 







Data from the 2010 and 2012 Behavioral Risk Factor Surveillance System (BRFSS) 
surveys was used. The BRFSS is a collaborative project between the Centers for Disease 
Control and Prevention (CDC) and U.S. State Health Departments. The 2010 survey 
collected information from a random sample of adults (one per household) through a 
landline telephone survey, while the 2012 survey utilizes either landlines or cellular 
telephones to identify and interview this random sample of adults (one per household). 
The health characteristics estimated from both surveys pertain to the adult population, 
aged 18 years or older, living in households. In order to provide a measure for adverse 
childhood experiences for respondent’s, states had the option of including the Adverse 
Childhood Experience (ACE) module in with the core BRFSS questionnaires. In the 2010 
BRFSS survey, 5 states (District of Columbia, Hawaii, Nevada, Vermont and Wisconsin) 
incorporated the ACE module, while 4 states in the 2012 BRFSS survey (Iowa, North 
Carolina, Tennessee and Wisconsin) included the ACE module. Details about the ACE 
module can be found on the BRFSS or CDC website (“About Behavioral Risk Factor 
Surveillance System ACE Data,” 2017).  
 
Inclusion and Exclusion criteria 
This study sample is restricted to young and middle age, working adults (age 18 to 64 
years old) with responses to all 11 ACE module items. Because older adults may 





years of age were excluded from this analysis. After applying these eligibility criteria 
15,474 respondents from the 2010 BRFSS survey, and 17,430 respondents from the 2012 
BRFSS survey were analyzed. 
 
Measurement 
Self-reported number of permanent teeth removed due to caries or periodontitis was the 
outcome variable. Respondents were asked: “How many of your permanent teeth have 
been removed because of tooth decay or gum disease?”, including teeth lost due to 
infection, but excluding teeth lost due to other reasons such as injury or orthodontics. 
Wisdom teeth lost due to tooth decay or gum disease were included in the lost teeth 
count. The four response options in the survey questionnaire for this item were – none 
(0), 1 - 5, 6 – 31, and all 32 teeth removed due to tooth decay or gum disease.  
Since the BRFSS survey questionnaire asks respondents to exclude teeth lost due 
to injury, the pathway for teeth lost due to violence episodes is not included in the 
outcome (Figure 1). The primary predictor variables were the 11 BRFSS ACE module 
items, which captured adverse childhood experiences. The respondents were asked to 
think back to before they were 18 years of age and then asked whether they experienced 
any household or abuse related adverse childhood experiences. Household challenges 
included living with: a depressed or mentally ill parent or caregiver; with a problem 
drinker or alcoholic; with a prescription medication or drug abuser; with someone who 
had served prison time; and whether their parents had divorced. Abuse questions 





beat or physically hurt you (not including spanking); if they swore at you or insulted you; 
if anyone 5 years older than you or an adult touched you sexually; if an older adult 
attempted to get you to touch them sexually; or forced you to have sex with them. An 
affirmative response to any 11 BRFSS ACE module items was recorded as presence of 
the stressor. All of the affirmative ACE module item responses were summed to calculate 
each respondent’s ACE scores. ACE scores were then re-categorized into categories i.e. 0 
ACE; 1 ACE; 2 ACE’s; or 3+ ACEs. 
Several additional items were included as covariates in the adjusted models: 
sociodemographic variables and other confounders such as smoking status (current 
smokers, former smokers, and never smokers smoking less than 100 cigarettes (5-packs) 
in their entire life), heavy alcohol consumption (men: two or more drinks/day; women: 
more than 1 drink/day), health coverage status, and access to dental care (dental visit in 
past one year) for the appropriate 2010 and 2012 BRFSS survey years. Females who 
were told during pregnancy that they have diabetes and pre-diabetic respondents were 
coded as non-diabetic. Health coverage status was assessed based on respondents 
reporting having any form of health care coverage (Yes/No). Access to dental care was 
determined by adults who self-reported visiting a dentist, dental hygienist or dental clinic 







All analyses were conducted using SAS V 9.4 (Cary, NC 2012) survey analysis 
procedures. Observations were weighted using the complex sampling specifications 
provided with the BRFSS 2010 and 2012 datasets. The weighting methodology used for 
BRFSS 2010 survey was post-stratification, whereas the weighing methodology used for 
BRFSS 2012 survey was raking. Due to the different weighting methodology the two 
datasets were not combined, and hence were analyzed separately.  
Univariate analysis of BRFSS 2010 and 2012 survey sample was conducted first 
to determine prevalence of young and middle aged adults with tooth loss, individual ACE 
scores, re-categorized ACE scores, sociodemographic variables, as well as other 
confounders: smoking status, heavy alcohol consumption, diabetes, health coverage 
status, and access to dental care (Table I).  
Secondly, bivariate Chi-Square analyses was conducted to test the relationship 
between ACE categories and sociodemographic as well as confounding variables. Row 
percentages for each cell and p-values were computed from the analyses (Tables II and 
III). 
Unadjusted binomial logistic regression analyses were conducted to test for 
associations between ACE categories as the primary predictor variable, and likelihood of 
at least one permanent tooth removed due to caries or periodontitis as the outcome 
variable (Tables IV and V). 
Multivariate logistic regression was conducted to determine the likelihood of 





categories were included as the primary predictor variable, and the model was 
additionally adjusted for sociodemographic characteristics and other confounders 
including smoking status, heavy alcohol consumption, healthcare coverage status, 
diabetes, and access to dental care. Odds ratio’s, 95% confidence intervals and p-values 





















Descriptive statistics for BRFSS 2010 and 2012 survey years as well as prevalence of 
young and middle age adults experiencing specific ACE are presented in Table I. A U-
shaped pattern was observed for the prevalence of ACE categories in both BRFSS 2010 
and BRFSS survey samples. Most of the BRFSS 2010 study sample respondents had 
either no ACE exposure (33.5%) or 3+ ACE’s (29.6%) (Figure 2). In the BRFSS 2010 
study sample, 23.3% adult respondents reported experiencing one adverse childhood 
experience while 13.7% adult respondents reported experiencing two adverse childhood 
experiences. (Table I). Similarly, in the BRFSS 2012 survey sample majority of study 
sample had either no ACE exposure (35.1%) or 3+ ACE’s (28.7%) (Figure 2). In the 
BRFSS 2012 study sample, 23.5% adult respondents reported experiencing one adverse 
childhood experience while 12.8% adult respondents reported experiencing two adverse 
childhood experiences. (Table I).   
In BRFSS 2010 survey sample, a decreasing linear trend for teeth removed due to 
caries or periodontitis was observed with most respondents (67.4%) reported having a 
full set of 32 permanent teeth. The prevalence of individuals with 1-5 permanent teeth 
removed was 24.1%, for those with 6-31 permanent teeth removed was 6.4%, whereas 
2.1% were fully edentulous adults, having all 32 teeth removed due to caries or 
periodontitis. (Figure 3). A similar prevalence pattern with some minor variations was 
observed in the BRFSS 2012 survey sample, most respondents (60.7%) reported having a 





removed was 26.5%, for those with 6-31 permanent teeth removed was 8.9% whereas 
3.8% were fully edentulous adults, having all 32 teeth removed due to caries or 
periodontitis (Figure 3).  
A lower proportion of the 2012 population maintained all of their permanent teeth 
(60.7%), compared to the 2010 population (67.4%) (Figure 3). 
Similar patterns for ACE prevalence were found in both BRFSS cycles with some 
minor variations. The most frequently reported ACE in both BRFSS 2010 and 2012 
survey was respondents experiencing parents swearing and insulting them (42.4%, 35.1% 
respectively). The least frequently reported ACE was an adult or someone 5 years older 
forcing them to have sex (4.2%, 4.9% respectively) (Table I) (Figure 4). However, more 
respondents reported experiencing swearing in BRFSS 2010 survey sample (42.4%) 
compared to BRFSS 2012 survey sample (35.1%) (Figure 4). On the other hand, more 
respondents reported experiencing parental divorce in BRFSS 2012 survey sample 
(31.6%) compared to BRFSS 2010 survey sample (26.5%) (Figure 4). 
The BRFSS 2010 survey sample was overwhelmingly White, non-Hispanic 
(73.4%) college graduate (67.2%), currently employed (70.9%), and married (65.5%) 
(Table I). The demographic trends for BRFSS 2012 survey sample were also majority 
White, non-Hispanic (75.3%), college graduate (58%), currently employed (67.2%) and 
married (57.4%). (Table I). Although both BRFSS cycles were similar by race, 
employment status, and marriage status, the proportion of college graduates differed 





Our selected co-variates in the BRFSS 2010 survey sample were mostly non-
smokers (57.5%), most were not heavy alcohol drinkers (93.2%), were non-diabetic 
(94.7%), most had healthcare coverage (86.4%) and most of them visited a dental office 
in the past year. (73.6%). (Table I). Similar trends were observed for our selected co-
variates in the BRFSS 2012 survey sample, they were mostly non-smokers (55%), most 
were not heavy alcohol drinkers (93.8%), were non-diabetic (92.1%), most had 
healthcare coverage (80.5%) and majority of them visited a dental office in the past one 
year. (67.4%). However, there were slightly more people with healthcare coverage and 
















Table I. Descriptive statistics of self-reported young and middle aged ACE respondents 
aged 18-64. BRFSS 2010 & 2012 
 2010 2012 
Variable n Weighted % n Weighted % 
ACE Category   
0 ACE 5406 33.5 6568 35.1 
1 ACE 3445 23.3 3955 23.5 
2 ACE 2173 13.7 2198 12.8 
>=3 ACE 4450 29.6 4709 28.7 
Adverse Childhood Experiences (Reporting Yes)   
Household Challenges ACEs   
Living with depressed or mentally ill 2898 18.2 3035 18.2 
Living with problem drinker or alcoholic 4007 25.2 4320 25.1 
Living with medications/drugs abuser 1663 12.9 1786 12.3 
Living with anyone who served time in prison 885 7.8 1295 9.6 
Divorce of parents 3768 26.5 4754 31.6 
Abuse ACEs     
Parents punch or beat each other 2806 18.2 3133 17.9 
Parents beat or physically hurt you 2803 18.6 2719 16.0 
Parents swear at you or insult you 6019 42.4 5870 35.1 
5 years older/adult touch you sexually 1857 10.7 1858 10.0 
5 years older/adult try to make you touch them 
sexually 
1301 7.5 1399 7.7 
5 years older/adult force you to have sex 754 4.2 861 4.9 
No. of permanent teeth removed   
0 9091 67.4 9707 60.7 
1-5 4531 24.1 4940 26.5 
6-31 1335 6.4 1792 8.9 
32 387 2.1 823 3.8 
Sex   
Male 6430 50.9 7209 49.1 










Table I Contd. Descriptive statistics of self-reported young and middle aged ACE 
respondents aged 18-64. BRFSS 2010 & 2012 
 2010 2012 
Variable n Weighted % n Weighted % 
Race-Ethnicity   
White, non-Hispanic 10534 73.4 13471 75.3 
Black, non-Hispanic 1241 5.4 2155 14.1 
Other race, non-Hispanic 1709 9.6 669 3.2 
Multiracial, non-Hispanic 1149 4.8 212 1.3 
Hispanic 679 6.8 838 6.1 
Education   
Less than high school 622 4.4 1393 12.4 
High School 3835 28.4 5073 29.6 
College 11002 67.2 10946 58.0 
Employment   
Employed 10998 70.9 11534 67.2 
Not working 4438 29.1 5862 32.8 
Income   
<25,000 2745 19.0 4339 29.3 
25,000-50,000 3524 26.3 4080 26.5 
50,000-75,000 2657 19.1 2642 16.6 
>75,000 5332 35.6 4370 27.6 
Marital Status   
Married 9400 65.5 10400 57.4 













Table I Contd. Descriptive statistics of self-reported young and middle aged ACE 
respondents aged 18-64. BRFSS 2010 & 2012 
 2010 2012 
Variable n Weighted % n Weighted % 
Smoker   
Non- Smoker 8477 57.5 9525 55.0 
Current Smoker 2677 20.6 3814 23.6 
Former Smoker                  4283 21.9 4035 21.4 
Heavy Alcohol consumption   
Yes 1146 6.8 999 6.2 
No 14160 93.2 16047 93.8 
Diabetes   
Non-Diabetic 14345 94.7 15711 92.1 
Diabetic 1123 5.6 1697 7.9 
Healthcare coverage   
Yes 13996 86.4 14464 80.5 
No 1455 13.6 2922 19.5 
 Past year Dental visit    
Yes 11768 73.6 12029 67.4 
No 3691 26.4 5283 32.6 
 
 Raw values are unweighted; percentages are weighted.  











































Figure 2. PREVALENCE OF ACE CATEGORIES IN STUDY 



































FIGURE 3. PREVALENCE OF PERMANENT TEETH REMOVED IN 












































Chi-Square tests were done to test for associations between ACE categories and 
sociodemographic and confounding variables (Table II and III). Chi-Square results for 
2010 BRFSS survey sample showed that those with 3 or more ACEs were more likely to 
be female (31.78%), Black non-Hispanic (42.95%), less than high school educated 
(44.98%), unemployed (33.95%), income less than $25,000 (45.33%), single/divorced 
(33.59%), current smoker (43.77%), heavy alcohol consumer (40.86%), without health 
coverage (38.85%), and without access to dental care (37.55%). The results also show a 
statistically significant relationship between ACE categories and all dependent 
sociodemographic and confounding variables except Diabetes (p-value = 0.9225). Row 
percentages and p-values are presented in Table II.  
For 2012 BRFSS survey sample, we conclude that there is a statistically 
relationship between predictor ACE categories and all dependent sociodemographic and 
confounding variables including diabetes. Chi-Square results for 2012 BRFSS survey 
sample showed that those with 3 or more ACEs were more likely to be female (32.12%), 
Multiracial non-Hispanic (44.57%), less than high school educated (40.83%), 
unemployed (33.93%), income less than $25,000 (40.27%), single/divorced (33.65%), 
current smoker (42.02%), heavy alcohol consumer (35.53%), diabetic (32.52%), without 
health coverage (37.68%), and without access to dental care (36.08%). A dose response is 
observed for income and education, as income and education attainment are increasing, 3 
or more ACE experience is decreasing. Row percentages and p-values are presented in 





TABLE II. Bivariate Analysis – Chi Square – BRFSS 2010 
Variable 0 Ace 1 ACE 2 ACEs 3+ACES P value 
 Weighted %s  
Sex 
  Male 33.56 24.87 14.15 27.42 0.0277* 
  Female 33.36 21.66 13.20 31.78 
Race-Ethnicity 
  White, non-Hispanic 34.06 23.72 13.83 28.39  
 
<0.0001* 
  Black, non-Hispanic 23.42 19.21 14.42 42.95 
  Other race, non-
Hispanic 
45.15 25.62 9.76 19.48 
  Multiracial, non-
Hispanic 
21.14 16.79 16.18 45.89 
  Hispanic 27.58 23.01 14.61 34.79 
Education 
  Less than high school 23.79 19.64 11.59 44.98  
<0.0001*   High School 28.89 22.38 14.52 34.21 
  College 36.07 23.91 13.43 26.60 
Employment 
  Employed 34.32 23.88 14.15 27.65 0.0066* 
  Not working 31.57 22.09 12.39 33.95 
Income 
  <$25,000 22.35 20.54 11.78 45.33  
<0.0001*   $25,000-$50,000 31.73 24.74 16.72 26.81 
  $50,000-$75,000 37.79 22.33 12.64 27.23 
  >$75,000 38.76 23.20 13.37 24.66 












TABLE II Contd. Bivariate Analysis – Chi Square – BRFSS 2010 
Variable 0 Ace 1 ACE 2 ACEs 3+ ACES P value 
 Weighted %s  
Marital Status 
  Married 36.42 22.41 13.66 27.51  
<0.0001*   Single, divorced, 
widowed, 
    separated 
27.71 24.89 13.80 33.59 
Smoker 
  Non- Smoker 39.90 24.39 12.86 22.86 <0.0001* 
  Current Smoker 19.78 22.07 14.37 43.77 
  Former Smoker                  29.46 21.47 15.20 33.87 
Heavy Alcohol consumption 
  Yes 24.12 21.20 13.83 40.86 <0.0001* 
  No 34.01 23.52 13.74 28.73 
Diabetes 
  Diabetic 34.74 22.43 14.43 28.40 0.9225 
  Non-Diabetic 33.40 23.33 13.64 29.63 
Healthcare coverage 
  Yes 34.99 23.18 13.76 28.07 <0.0001* 
  No 23.74 23.98 13.43 38.85  
 Access to Dental Care 
  Yes 35.98 23.36 13.92 26.74 <0.0001* 
  No 26.64 22.71 13.10 37.55 













TABLE III. Bivariate Analysis – Chi Square - BRFSS 2012 
Variable 0 Ace 1 ACE 2 ACEs 3+ ACES P value 
 Weighted %s  
Sex 
  Male 36.31 25.20 13.38 25.11 <0.0001* 
  Female 33.86  21.86 12.16 32.12 
Race-Ethnicity 
  White, non-Hispanic 36.83 23.40 12.27 27.49  
 
<0.0001* 
  Black, non-Hispanic 27.76 25.95 13.67 32.67 
  Other race, non-
Hispanic 
40.96 21.08 13.20 24.76 
  Multiracial, non-
Hispanic 
25.21 14.79 15.42 44.57 
  Hispanic 29.37 22.58 15.97 32.07 
Education 
  Less than high school 25.44 20.50 13.23 40.83  
<0.0001*   High School 33.28 24.39 13.32 29.00 
  College 38.01 23.69 12.35 25.96 
Employment 
  Employed 36.34 24.68 12.92 26.06 <0.0001* 
  Not working 32.52 21.09 12.46 33.93 
Income 
  <$25,000 26.50 20.80 12.43 40.27  
<0.0001*   $25,000-$50,000 34.79 24.15 14.05 27.01 
  $50,000-$75,000 40.39 24.53 11.46 23.63 
  >$75,000 39.76 26.29 12.97 20.99 












TABLE III Contd. Bivariate Analysis – Chi Square - BRFSS 2012 
Variable 0 Ace 1 ACE 2 ACEs 3+ ACES P value 
 Weighted %s  
Marital Status 
  Married 39.27 23.32 12.46 24.95  
<0.0001*   Single, divorced, 
widowed, 
    separated 
29.42 23.77 13.15 33.65 
Smoker 
  Non- Smoker 41.30 25.14 11.81 21.76  
<0.0001*   Current Smoker 23.91 20.08 13.98 42.02 
  Former Smoker                  31.28 23.17 13.82 31.73 
Heavy Alcohol consumption 
  Yes 27.42 24.25 12.79 35.53 0.0002* 
  No 35.54 23.49 12.76 28.22 
Diabetes 
  Diabetic 32.98 20.51 13.99 32.52 0.0192* 
  Non-Diabetic 35.23 23.74 12.66 28.36 
Healthcare coverage 
  Yes 37.21 23.75 12.49 26.54 <0.0001* 
  No 26.24 22.47 13.61 37.68 
 Access to Dental Care 
  Yes 37.71 24.55 12.71 25.03 <0.0001* 














Unadjusted Logistic Regression Analysis 
The BRFSS 2012 study sample reveals a graded association, where increasing number of 
ACE experienced increases the odds of losing a tooth due to caries or periodontitis (Table 
V). The 2010 and 2012 surveys demonstrated non-statistically significant relationships 
between odds of having teeth extracted for individuals with 1 ACE (2010 OR: 1.14, 2012 
OR: 1.05), compared to those with no ACE (Tables IV and V).  
In 2010 BRFSS survey sample a statistically significant association was found 
between adults experiencing 2 or more adverse childhood experiences and teeth removed 
due to caries or periodontitis (Table IV). Adults who reported experiencing 2 ACEs were 
1.47 times more likely to have at least one tooth removed due to caries or periodontitis 
compared to adults who did not experience any ACE (95% CI= 1.18,1.83; p<0.05). 
Adults who reported experiencing 3 or more ACE were 1.48 times more likely to have at 
least one tooth removed due to caries or periodontitis compared to adults who did not 
experience any ACE. (95% CI= 1.24,1.76; p<0.0001). 
A dose response relationship was observed in 2012 BRFSS survey sample where 
a statistically significant association was found between adults experiencing 2 or more 
ACE and teeth removed due to caries or periodontitis (Table V). Adults who reported 
experiencing 2 ACE were 1.33 times more likely to have at least one tooth removed due 
to caries or periodontitis compared to adults who did not experience any ACE (95% CI= 
1.16,1.53; p<0.0001). Adults who reported experiencing 3 or more ACE were 1.54 times 
more likely to have at least one tooth removed due to caries or periodontitis compared to 





These results demonstrate a plateau of 1.47/1.48 at 2 ACEs in the BRFSS 2010 
unadjusted model whereas BRFSS 2012 show a dose response trend, with lower odds 







                         
                *P values <0.05. 
 
Table V. Unadjusted Logistic Regression Model for teeth 
extracted due to caries or periodontitis outcome. BRFSS 2012 
Variable OR(CI) P Value 
ACE Category  
0 ACE Reference 
1 ACE 1.05 (0.94-1.18) 0.3739 
2 ACE 1.33 (1.16-1.53) <.0001* 
>=3 ACE 1.54 (1.39-1.71) <.0001* 
             





Table IV. Unadjusted Logistic Regression Model for teeth 
extracted due to caries or periodontitis outcome. BRFSS 2010 
Variable OR(CI) P Value 
ACE Category 
0 ACE Reference 
1 ACE 1.14 (0.93-1.38) 0.2105 
2 ACE 1.47 (1.18-1.83) 0.0007* 





Multivariate Logistic Regression Analysis 
For BRFSS survey sample years 2010 and 2012 where after adjusting for socio-
demographic characteristics and other confounders a statistically significant association 
was found between adults experiencing 2 or more ACE and teeth removed due to caries 
or periodontitis (Tables VI and VII).  
In the adjusted 2010 BRFSS survey sample, adults who reported experiencing 2 
ACE were 1.56 times more likely to have at least one tooth removed due to caries or 
periodontitis compared to adults who did not experience any ACE (95% CI= 1.19,2.04; 
p<0.05). BRFSS 2012 survey sample adults who reported experiencing 2 ACE were 1.36 
times more likely to have at least one tooth removed due to caries or periodontitis 
compared to adults who did not experience any ACE (95% CI= 1.15,1.62; p<0.05) 
(Tables VI and VII).  
BRFSS 2010 survey adults who reported experiencing 3 or more ACE had lower 
odds (OR=1.34) of having at least one tooth removed due to caries or periodontitis 
compared to adults who did not experience any ACE. (95% CI= 1.07,1.67; p<0.05) 
(Table VI), while BRFSS 2012 survey adults were 1.42 times more likely to have at least 
one tooth removed due to caries or periodontitis compared to adults who did not 
experience any ACE. (95% CI= 1.24,1.63; p<0.0001) (Table VII). Patterns differed 
between the two datasets, with BRFSS 2010 demonstrating a peak at 2 ACEs, then 
decreasing odds with more ACEs experienced. In contrast, the adjusted model of BRFSS 
2012 reveals a graded positive association with increasing number of ACEs experienced 





Furthermore, the odds of losing one or more teeth is higher for less educated 
individuals (less than high school (OR= 2.62; p<0.0001); high school graduate (OR= 
1.43; p<0.05)), with lower incomes (Less than $25,000 (OR= 2.55; p<0.0001); $25K-
$50K (OR= 2.05; p<0.0001); $50K-$75K (OR= 1.45; p<0.05), and being diabetic (OR= 
1.42; p<0.05). 
Black non-Hispanic (OR= 1.93; p<0.0001) and Hispanics (OR= 1.75; p<0.05) had 
the greatest odds of having tooth loss, while Other race, non-Hispanics had lower odds 
(OR= 1.32; p<0.05), but was still significantly different than Whites. Being a current 
smoker increased the odds the most (OR= 2.49; p<0.0001), however former smokers also 
had somewhat less odds of tooth loss (OR= 1.86; p<0.0001) (Table VI). 
Similar results were seen for the 2012 dataset, however stronger associations were 
found for education (less than high school (OR= 3.01; p<0.0001); high school graduate 
(OR= 1.45; p<0.0001)), income (Less than $25,000 (OR= 2.92; p<0.0001), and race 
(Black non-Hispanic (OR= 2.31; p<0.0001), Other race, non-Hispanics (OR= 1.69; 
p<0.05), and Multi race, non-Hispanics (OR= 1.86; p<0.05). In addition, being a heavy 
alcohol consumer decreased the odds of tooth loss in a statistically significant manner 
(OR= 0.78; p<0.05). The 2012 dataset analysis also showed that having no access to 









  Table VI. Multivariate Logistic Regression Analysis 
Adjusted Model – BRFSS 2010 
Variable OR(CI) P Value 
ACE Category 
0 ACE Reference 
1 ACE 1.19 (0.94-1.51) 0.1434 
2 ACE 1.56 (1.19-2.04) 0.0012* 
>=3 ACE 1.34 (1.07-1.67) 0.0114* 
Sex 
Female 1.05 (0.89-1.24) 0.5586 
Male Reference 
Age (Continuous) 1.06 (1.05-1.07) <.0001* 
Education  
Less than high school 2.62 (1.79-3.82) <.0001* 
High school graduate 1.43 (1.18-1.73) 0.0003* 
College education Reference 
Employment  
Out of work 1.08 (0.87-1.34) 0.5015 
Employed Reference 
Marital Status  
Divorced, widowed, separated 1.15 (0.92-1.44) 0.2284 
Married Reference 
Income  
< $25,000 2.55 (1.81-3.59) <.0001* 
$25,000-$50,000 2.05 (1.61-2.62) <.0001* 
$50,000-$75,000 1.45 (1.15-1.83) 0.0016* 
=>$75,000 Reference 
Race 
Black, non-Hispanic 1.93 (1.45-2.57) <.0001* 
Other race, non-Hispanic 1.32 (1.00-1.75) 0.0474* 
Multi race, non-Hispanic 1.18 (0.87-1.60) 0.2780 
Hispanic 1.75 (1.12-2.73) 0.0138* 
White, non-Hispanic Reference 
Smoking status 
Current smoker 2.49 (1.96-3.17) <.0001* 
Former smoker 1.86 (1.54-2.26) <.0001* 
Non Smoker Reference 
Heavy Alcohol consumption 








  Table VI Contd. Multivariate Logistic Regression Analysis 
Adjusted Model – BRFSS 2010 
Variable OR(CI) P Value 
Diabetes 
Diabetic 1.42 (1.09-1.84) 0.0101* 
Non-Diabetic Reference 
Healthcare coverage 
No 1.02 (0.77-1.36) 0.8716 
Yes Reference 
Access to Dental Care 
No 1.11 (0.90-1.37) 0.3194 
Yes Reference 



















Table VII. Multivariate Logistic Regression Analysis 
Adjusted Model – BRFSS 2012 
Variable OR(CI) P Value 
ACE Category 
0 ACE Reference 
1 ACE 1.09 (0.95-1.26) 0.2290 
2 ACE 1.36 (1.15-1.62) 0.0005* 
>=3 ACE 1.42 (1.24-1.63) <.0001* 
Sex  
Female 0.96 (0.86-1.07) 0.4713 
Male Reference 
Age (Continuous) 1.08 (1.07-1.08) <.0001* 
Education  
Less than high school 3.01 (2.35-3.87) <.0001* 
High school graduate 1.45 (1.30-1.63) <.0001* 
College education Reference 
Employment  
Out of work 0.95 (0.84-1.08) 0.4377 
Employed Reference 
Marital Status  
Divorced, widowed, separated 0.81 (0.72-0.92) 0.0009* 
Married Reference 
Income  
< $25,000 2.92 (2.41-3.54) <.0001* 
$25,000-$50,000 1.98 (1.70-2.31) <.0001* 
$50,000-$75,000 1.31 (1.12-1.53) 0.0007* 
=>$75,000 Reference 
Race 
Black, non-Hispanic 2.31 (1.94-2.75) <.0001* 
Other race, non-Hispanic 1.69 (1.26-2.26) 0.0004* 
Multi race, non-Hispanic 1.86 (1.14-3.02) 0.0128* 
Hispanic 0.98 (0.73-1.31) 0.8973 
White, non-Hispanic Reference 
Smoking status 
Current smoker 2.55 (2.21-2.94) <.0001* 
Former smoker 1.51 (1.33-1.72) <.0001* 
Non Smoker Reference 
Heavy Alcohol consumption 







Table VII Contd. Multivariate Logistic Regression Analysis 
Adjusted Model – BRFSS 2012 
Variable OR(CI) P Value 
Diabetes 
Diabetic 1.44 (1.18-1.76) 0.0003* 
Non-Diabetic Reference 
Healthcare coverage 
No 1.16 (0.99-1.37) 0.0748 
Yes Reference 
Access to Dental Care 
No 1.19 (1.05-1.35) 0.0071* 
Yes Reference 




















This study investigated the association between number of ACE, as measured by ACE 
categories and tooth loss outcomes due to caries or periodontitis in young and middle 
aged adults. The findings indicate that young and middle aged adults exposed to two or 
more ACE are more likely to have teeth removed due to dental caries or periodontitis 
compared to adults who reported no exposure to adverse childhood experiences. Even 
after adjusting for sociodemographic characteristics and other confounders, young and 
middle aged adults who experienced two or more ACE were more likely to have teeth 
removed due to caries or periodontitis compared to young and middle aged adults who 
reported experiencing no ACE. 
However, for both unadjusted and adjusted logistic regression models we 
observed different patterns between the two datasets, with BRFSS 2010 study sample 
demonstrating a peak at 2 ACEs, then decreasing odds with more ACEs experienced. On 
the other hand, BRFSS 2012 study sample revealing a graded positive association with 
increasing number of ACEs experienced producing increased odds of losing a tooth due 
to caries or periodontitis. Other differences between the datasets for other variables were 
also observed in the multivariate analyses, where for BRFSS 2012 study sample, we 
found statistically significant odds of losing one or more teeth for divorced/single 
respondents, Multiracial non-Hispanic, heavy alcohol consumers and respondents having 
access to dental care in last year but these variables were not found significant in BRFSS 





weighing methodology used in BRFSS 2010 (Post-Stratification) and BRFSS 2012 
(Raking) cycles.  
Our results are consistent with prior studies linking ACE and dental health. A 
study by Bright et al. found that ACE is significantly associated with dental health 
(Bright, Alford, Hinojosa, Knapp, & Fernandez-Baca, 2015). Another study by 
Matsuyama et al. found that ACE could have a longitudinal adverse effect on later dental 
health (Matsuyama et al., 2016). If a child experiences erratic or violent caregiving, then 
he/she is likely to experience an unpredictable and threatening environment, and may 
lack the skills needed to negotiate these stressful encounters. This can strongly activate 
the Hypothalamic-Pituitary-Adrenal (HPA) stress response axis during sensitive 
childhood developmental periods. (Chen & Baram, 2016; Hotamisligil, 2006) . In the 
absence of a protective, buffering caregiver the “Toxic stress” is prolonged, inducing 
vascular inflammation through dysregulation of cortisol and circulating cytokines. 
Chronic stress is also associated with higher risk of periodontitis in adults (Mesa et al., 
2014). These adverse early-life stresses and subsequent alterations of neuro-endocrine-
immune system can also have aberrant cognitive and emotional consequences, which 
may make it difficult to establish preventive oral care behaviors. Such maladaptive oral 
care behaviors, along with chronic toxic stress, over the life course of an individual can 
cause frequent caries and periodontitis, potentially necessitating teeth removal in these 








This study has several limitations. BRFSS data is self-reported and is subject to recall 
issues. Some important oral care factors of respondents such as tooth brushing and 
flossing frequency were unknown. Another limitation is the inability to combine the two 
datasets since a different weighing methodology and ways to contact study participants 
was used in the two survey cycles. BRFSS 2010 utilized post-stratification and contacted 
participants using landline phones only whereas BRFSS 2012 utilized iterative 
proportional fitting also known as raking to fit the dual frame survey design of landline/ 
cellphones. Inclusion of cellphones/landlines better represents lower income and minority 
populations, younger age groups and lower levels of formal education within a 
population. As a result, addition of cell phone sample and use of raking weighing 
methodology in BRFSS 2012 survey yields more precise, accurate and valid estimates of 
prevalence of health related behaviors compared to BRFSS 2010 survey. Due to inclusion 
of cell phones and changes to weighing methodology, BRFSS 2012 survey estimates may 
not be compared with BRFSS 2010 survey estimates. Only 5 states in BRFSS 2010 
survey and 4 states in BRFSS 2012 survey provided ACE responses for data analysis due 
to the ACE module being an optional component in their annual BRFSS survey. 
Although the BRFSS ACE module is adapted from the Original Kaiser-ACE study 
questionnaire, not all adverse childhood questions from original Kaiser-ACE (1995-1997) 
study were included in BRFSS 2010 and 2012 surveys (“About the CDC-Kaiser ACE 
Study,” n.d.). Missing components included - childhood emotional neglect (Someone in 





looked out for each other and felt close to each other, and your family was a source of 
strength and support), and physical neglect questions (there was someone to take care of 
you, protect you, and take you to the doctor if you needed it, you didn’t have enough to 
eat, your parents were too drunk or too high to take care of you, and you had to wear 
dirty clothes). Hence we were unable to assess the full impact of ACE’s on adult oral 
health. Another limitation of this study is the inability to infer causality due to the cross-
sectional design of our study. Our results are limited to the observation that there appears 
to be a relationship between adverse childhood experiences and teeth removed due to 
caries or periodontitis among respondents. Understanding these relationships will require 
additional longitudinal design studies. 
 
Strengths 
Large sample size of both BRFSS 2010 (15,474) and BRFSS 2012 (17,430) surveys. 
Another strength of the study is that the tooth loss outcome excludes teeth lost due to 
other reasons such as injury or orthodontics but includes wisdom teeth lost due to tooth 
decay or gum disease in the lost teeth count. Finally, the results are consistent with prior 
studies investigating the relationships between ACE and dental health.  
 
Implications 
Preventive dental care should incorporate screening for stressors such as Adverse 
Childhood Experiences as part of routine pediatric dental care. The effects of toxic stress 





health advocates, and dental researcher’s decision making. It is hoped that this research 
may increase emphasis on screening for adverse childhood experiences during dental 
visits and may help dental providers become stronger advocates for vulnerable children in 
their communities. Dental providers should be aware of what community resources are 
available for referrals, such as therapists, parenting programs, and early intervention 
programs. It is also important that these programs have dentists that they can readily refer 
their at-risk patients to. These referrals, including a dental home model, may be used to 
coordinate dental care for this vulnerable group. Future life-course dental research may 
focus on refining intervention plans to minimize adverse childhood experiences.  
 
Conclusion 
This study provides cross-sectional evidence that adult dental health is susceptible to 
toxic effects from ACE, and demonstrates that young and middle aged adults who 
experienced multiple ACE had significantly fewer remaining teeth compared to adults 
who reported not experiencing any ACE. Legal frameworks to prevent child abuse, 
building social relationships among families, and encouraging positive parenting 
techniques can give every child a good start in life and may benefit their oral health 
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